Synchronized generation of reactive oxygen species with the cell cycle.
A possible appearance of reactive oxygen species (ROS) with the normal cell cycle was studied to find how ROS are generated in cells in relation to the cell cycle. The production of ROS in relation to the cell cycle was examined by determining the changes in intracellular ROS concentrations at different phases of the cell cycle by culturing BALB 3T3 cells in the presence and absence of aphidicolin. The amounts of intracellular ROS and the cell population at specific phases (S and G2/M) were determined as the fluorescence of dichlorodihydrofluorescein and propidium iodide taken up simultaneously by the cells, respectively, by flow cytometry. Although intracellular ROS remained at the control levels when the cell growth was arrested with aphidicolin at the G1 phase, they increased when the arrest was released to result in the increase of the cell population at the S phase. Furthermore, ROS was shown to disturb/stop the cell cycle by means of the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay. The cell cycle was regulated through oxidative stress by exposure to hydrogen peroxide and glutathione ethyl ester. The cell cycle was prevented more sensitively in metallothionein-null cells than in the wild type cells. Based on the present observations, we proposed for the first time that ROS are generated synchronously with the normal cell cycle, and that they have to be controlled at certain level for normal progress of the cell cycle.